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1

ROTOR AND METHOD FOR
MANUFACTURING ROTOR

FIELD

The present invention relates to a rotor and a method for
manufacturing the rotor.

BACKGROUND

Induction motors have conventionally been known that
include a stator that produces a rotating magnetic field and
a rotor that i1s provided inside the stator and rotates in
accordance with the rotating magnetic field. The induction
motors are classified into two types depending on the types
ol alternate current to be supplied: single-phase induction
motors; and three-phase induction motors. Of these induc-
tion motors, the three-phase induction motors have been
widely used as general-purpose motors.

Such a three-phase induction motor mcludes a rotor
formed of thick copper wires (bars) arranged in a cage
shape. The rotor includes an iron core, a plurality of copper
wires and end rings. The rotor 1s manufactured such that the
copper wires are mserted 1into msertion holes of the 1ron core
that 1s built with stacks of steel sheets, and both ends of each
copper wire are fixed to the respective end rings (see Patent
Literature 1, for example).

In Patent Literature 1, the copper wires are fixed to the end
rings by Iriction stir welding. Friction stir welding 1s a

joimng process that can be performed with reduced cost
compared to other joining processes such as brazing.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent No. 3730331

SUMMARY
Technical Problem

When the copper wires are joined to the end rings by
friction stir welding as described 1n Patent Literature 1, the
surrounding regions ol the Iriction-stirred region only
receives heat generated by friction. This heat might reduce
the mechanical strength of the surrounding regions, which
might lead to damage on the rotor.

In view of the foregoing, it 1s an object of the present
invention to provide a rotor that can maintain strength when
friction stir welding 1s performed 1n a joining process, and
a method for manufacturing the rotor.

Solution to Problem

To solve the problem and achieve the object, a rotor
according to the present invention includes: a plurality of
conductors having a bar shape; a first end ring joined to one
ends of the conductors by friction stir welding, at least a
surface opposite to a surface from which the conductors
extend being stirred by the friction stir welding; a second
end ring joimed to other ends of the conductors by friction
stir welding, at least a surface opposite to a surface from
which the conductors extend being stirred by the friction stir
welding; and an 1ron core disposed between the first and the
second end rings, having a cylindrical shape, and including
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2

a plurality of insertion holes through which the respective
conductors are insertable 1 a central axis direction of the
1ron core.

Moreover, 1n the above-described rotor according to the
present invention, the first and the second end rings are
stirred by the friction stir welding.

Moreover, a method for manufacturing a rotor according,
to the present invention 1s a method for manufacturing a
rotor including a plurality of conductors having a bar shape,
a cylindrical iron core including a plurality of 1insertion holes
through which the respective conductors are insertable, and
first and second end rings that are joined to respective ends
of the conductors. The method includes: a 1friction-stir-
welding step of joining the conductors and a base by friction
stir welding with end portions of the conductors housed 1n
the base, such that the base includes the cylindrical iron core
in a central axis direction of the 1ron core; and a forming step
of forming the end rings by cutting the base such that at least
a surface opposite to a surface from which the conductors
extend, out of surfaces of the base that have been subjected
to the friction-stir-welding step, becomes a surface stirred by
the friction stir welding.

Moreover, 1n the above-described method for manufac-
turing a rotor according to the present mnvention, the friction-
stir-welding step joins the base and the conductors the
friction stir welding, the base being made of a material
identical to a material of the conductors, after inserting the
ends of the conductors into insertion holes formed in the
base.

Moreover, 1n the above-described method for manufac-
turing a rotor according to the present invention, the friction-
stir-welding step joins the base and the conductors the
friction stir welding, the base being made of a material
different from a matenal of the conductors, after fitting the
ends of the conductors 1nto recesses formed 1n the base.

Advantageous Effects of Invention

According to the present invention, strength can be main-
tained when Iriction stir welding 1s performed 1n a joiming
process.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view 1illustrating a configuration of
a rotor according to a first embodiment of the present
invention.

FIG. 2 1s a cross-sectional view 1llustrating the configu-
ration of the rotor according to the first embodiment of the
present invention.

FIG. 3 15 a perspective view schematically illustrating a
method for manufacturing the rotor according to the first
embodiment of the present invention.

FIG. 4 1s a perspective view schematically illustrating the
method for manufacturing the rotor according to the first
embodiment of the present invention.

FIG. 5 1s a perspective view schematically 1llustrating the
method for manufacturing the rotor according to the first
embodiment of the present invention.

FIG. 6 1s a perspective view schematically 1llustrating the
method for manufacturing the rotor according to the first
embodiment of the present invention.

FIG. 7 1s a plan view schematically illustrating the method
for manufacturing the rotor according to the first embodi-
ment of the present invention.
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FIG. 8 1s a cross-sectional view schematically 1llustrating,
the method for manufacturing the rotor according to the first
embodiment of the present invention.

FIG. 9 1s a cross-sectional view illustrating a configura-
tion of main parts of the rotor according to the first embodi- >
ment of the present mnvention.

FIG. 10 1s a diagram illustrating a method for manufac-
turing a rotor according to a first modification of the first
embodiment of the present invention.

FIG. 11 is a cross-sectional view illustrating a configu- 1°
ration of main parts of the rotor according to the first
modification of the first embodiment of the present inven-
tion.

FIG. 12 1s a perspective view 1illustrating a configuration
of a main part of a rotor according to a second modification 1>
of the first embodiment of the present invention.

FIG. 13 1s a diagram illustrating a method for manufac-
turing the rotor according to the second modification of the
first embodiment of the present invention.

FIG. 14 is a cross-sectional view illustrating a configu- 29
ration of main parts of a rotor according to a third modifi-
cation of the first embodiment of the present invention.

FIG. 15 1s a cross-sectional view schematically 1llustrat-
ing a method for manufacturing a rotor according to a
second embodiment of the present invention. 23

FIG. 16 1s a cross-sectional view schematically 1llustrat-
ing the method for manufacturing the rotor according to the
second embodiment of the present invention.

FIG. 17 1s a cross-sectional view schematically 1llustrat-
ing the method for manufacturing the rotor according to the 3Y
second embodiment of the present invention.

FIG. 18 1s a cross-sectional view illustrating a configu-
ration ol main parts of the rotor according to the second

embodiment of the present invention.
35

DESCRIPTION OF EMBODIMENTS

The following describes embodiments of the present
invention in detaill with reference to the accompanying
drawings. The embodiments described below are not 40
intended to limit the scope of the present invention. The
drawings referred to in the following description only sche-
matically illustrate shapes, sizes, or positional relations of
components to such an extent that the present invention can
be understood. In other words, the present mnvention 1s not 45
limited to the shapes, sizes, and positional relations 1llus-
trated in the drawings.

First Embodiment
50

FI1G. 1 1s a perspective view 1llustrating a configuration of
a rotor 1 according to a first embodiment of the present
invention. FIG. 2 1s a cross-sectional view illustrating the
configuration of the rotor according to the first embodiment.
The rotor 1 illustrated 1 FIGS. 1 and 2 1s used for an 55
induction motor, and 1s provided inside a stator and rotates
in accordance with the rotating magnetic field of the stator.

The rotor 1 1s a squirrel-cage rotor that includes thick
copper wires (bars) arranged 1n a cage shape. The rotor 1
includes a plurality of bars (conductors) 10, end rings 11 and 60
12, and an 1ron core 13.

The bars 10 are made of, for example, copper or copper
alloy and each have a shape of a prismatic column (bar). The
number of bars 10 included in the rotor 1 depends on the
configuration of the rotor 1. Although sixteen bars 10 are 65
used for the rotor 1 in the description and drawings, the
number of the bars 10 1s not limited to this and may be any

4

number depending on the design of the rotor 1. The bars 10
may have any shape as long as they have a bar shape such
as a cylinder 1n addition to the prismatic column.

The end rings 11 and 12 are made of copper or copper
alloy and each have a hollow cylinder shape. The end ring
11 (first end ring) 1s joined to one ends of the bars 10 by
triction stir welding (a stir zone R1 1n FIG. 2). The end ring
12 (second end ring) 1s joined to other ends of the bars 10
by friction stir welding.

The 1ron core 13 1s built with, for example, stacks of
clectromagnetic steel sheets 13a. Each electromagnetic steel
sheet 13a has a hollow disc shape and 1s made of a steel
(such as silicon steel made by adding silicon to 1ron) having,
a high energy conversion efliciency from electric to mag-
netic energy. The electromagnetic steel sheet 13a has
through holes through which the bars 10 are insertable 1n the
through-thickness direction, the number of through holes
depending on the number of the bars 10. The 1ron core 13,
which 1s built with stacks of electromagnetic steel sheets 13a
with the edges of the sheets all aligned, has a cylindrical
shape, and has an 1nsertion hole 131 formed by the through
holes 1n communication with each other through which the
bars 10 are inserted. The shape of the outer edge of the 1ron
core 13 in a cross-sectional view taken perpendicularly to
the central axis 1s not limited to circle, but may be an oval
or a polygon.

The rotor 1 1s manufactured such that the bars 10 are
inserted into the 1nsertion hole 131 of the 1ron core 13 built
with stacks of electromagnetic steel sheets 13a, and the first
and the second ends of the bars 10 are fixed to the end rings
11 and 12, respectively. The rotor 1 has a hollow portion 1nto
which a shaft of the induction motor will be inserted.

Described next 1s a method for manufacturing the rotor 1
with reference to FIGS. 3 to 9. FIGS. 3 to 6 are perspective
views schematically 1llustrating the method for manufactur-
ing the rotor according to the first embodiment. FIG. 7 1s a
plan view schematically illustrating the method for manu-
facturing the rotor according to the first embodiment. FIG.
8 1s a cross-sectional view schematically illustrating the
method for manufacturing the rotor according to the first
embodiment. FIG. 9 1s a cross-sectional view illustrating a
configuration of main parts of the rotor according to the first
embodiment. FIGS. 8 and 9 are partially sectional views
taken along a plane including and parallel to a central axis
NO (longitudinal direction of the bars 10) of the rotor 1.

First, one ends of the bars 10 are put into through holes
120a of a base 120 (see FIG. 3). The base 120, which waill
be formed 1nto the end ring 12, 1s made of copper or copper
alloy, and has a hollow cylinder shape. The base 120 has an
outer diameter larger than that of the end ring 12, and has an
inner diameter smaller than that of the end ring 12. With this
process, the base 120 supports a plurality of bars 10 extend-
ing therefrom.

Then, the electromagnetic steel sheets 13a are put on the
base 120 one by one with the bars 10 extending from the
base 120 inserted therethrough (see FIG. 4).

Subsequently, other ends of the bars 10 extending from
the 1ron core 13 (electromagnetic steel sheets 13a) are
pushed into through holes 110a of a base 110 (see FIG. 5).
The base 110, which will be formed into the end ring 11, 1s
made ol copper or copper alloy, and has a hollow cylinder
shape. The base 110 has an outer diameter larger than that of
the end nng 11, and has an 1mnner diameter smaller than that
of the end ring 11. The end surfaces of the first ends of the
bars 10 that are pushed into the base 110 are flush with the
top surface of the base 110, or a little recessed relative to the
opening edges of the through holes 110a.
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Then, the base 110 and the bars 10 are joined by friction
stir welding (see FIG. 6: Iriction-stir-welding step). In
friction stir welding, a joining member 200 1s used to join
materials. The joining member 200 includes a shoulder 202
to which a probe 201 1s coaxially attached at the shoulder’s
end. The probe 201 and the shoulder 202 both have a
cylindrical shape, and the probe 201 has an outer diameter
smaller than that of the shoulder 202. The shoulder 202 1s
rotatable around a central axis N1 (arrow Y1). When the
shoulder 202 rotates, the probe 201 attached to the shoulder
202 rotates 1n tandem.

In friction stir welding, frictional heat 1s generated by the
rotating shoulder 202 being rotated and plunged onto a
surface of the base 110 opposite to the surface from which
the bars 10 extend. This heat softens the base 110 and the
bars 10, and the rotation of the shoulder 202 plasticizes and
mixes the joining interfaces and the surroundings thereof.
The plasticized and mixed materials are then solidified,
thereby consolidating a part of the base 110 and end portions
of the bars 10. With friction stir welding, the structure of the
joined metal 1s refined, thereby achieving a high joiming
strength. Friction stir welding can join material such as
copper at a lower temperature than the melting point of the
material, and the residual stress and rate of deformation after
joimng are smaller than those that occur in fusion welding.

In friction stir welding, the rotating shoulder 202 turns
(revolves: see the arrow Y2 in FIG. 6) around the central
axis N2 of the base 110, thereby joining the bars 10 and the
base 110. As 1illustrated 1in FIG. 7, the stir zone R1 on the
surtace of the base 110 that has been Iriction-stirred and
joined along the movement of the shoulder 202 has an
annular shape. The length (width) of the stir zone R1 in the
radial direction (the radial direction of the base 110) 1s
substantially equal to the outer diameter of the shoulder 202.
In other words, the width of the stir zone R1 can be changed
by changing the outer diameter of the shoulder 202. As
illustrated in the cross-sectional view 1in FIG. 8, the bound-
ary of the stir zone R1 1n the base 110 has an arc shape.

In friction stir welding, peripheral regions of the friction-
stirred region (stir zone R1) only receive heat generated by
the friction. For example, in the peripheral regions of the stir
zone R1, heat-aflected zones H11 and H12 occur that have
not been stirred but have only received the irictional heat
(see FIG. 8). The heat-aflected zones H11 and H12 each
have an annular shape along the direction of the shoulder
202. The heat-affected zones H11 and H12 lower mechanical
strength of these regions due to heat, which may lead to, for
example, damage on the rotor 1. To prevent this situation, 1n
the first embodiment, a part of the base 110 1s cut ofl to
remove the heat-aflected zones H11 and H12 from the base
110.

Suppose that, in the radial direction of the base 110, t,
represents a distance between cut positions C1 and C2 at
which an outer edge portion and an inner edge portion of the
base 110 are cut ofl, and t, represents the shortest distance
between the heat-affected zones H11 and H12, t, and t,
satisiy the relation t;=<t,. In the first embodiment, suppose
that t; represents the radius (width) of the iron core 13
between the outer edge and the inner edge thereof, t,
represents the diameter of a bar 10, and t; represents the
width (diameter of the shoulder 202) of the stir zone R1 on
the surface of the base 110, the radius t; of the 1ron core 13
1s equal to or smaller than the distance t, between the cut
positions (ty=<t, ), and the diameter t, of the bar 10 1s smaller
than the width t; of the stir zone R1 (t,<t;). In other words,
the stir zone R1 includes the 1ron core 13 1n the direction of
the central axis N2 (central axis of the 1ron core 13) (t,<t.).
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The end ring 11 1illustrated 1n FIG. 9 can be formed by
cutting the base 110 at the cut positions C1 and C2 that
satisly the aforementioned relations (forming step). The end
ring 11, which excludes the heat-affected zones H11 and
H12, suppress the reduction 1n mechanical strength due to
heat and maintains strength required for the end ring 11.

The end ring 12 can be formed by cutting the base 120 1n
the same manner as 1n the manufacturing process of the end
ring 11 described above.

In the cut-ofl processing on the base 110 (and the base
120), the cut positions C1 and C2 may be determined such
that the distance t; between the cut positions C1 and C2 1s
set to a value satistying, for example, t,=<0.7 t. to cut off the
outer and inner edge portions of the base 110.

In the cut-off processing on the base 110 (and the base
120), the base 1s not necessarily symmetrically cut relative
to the central axis of the bar 10 1n the cross-sectional view
in FI1G. 8 as long as the cut-ofl processing satisfies t,=<t, and
the resulting end ring 11 (end ring 12) excludes the heat-
aflected zones H11 and H12. As long as the base 110 and the
bar 10 are stir-welded and the resulting end ring 11 after the
cut-oil processing excludes the heat-affected zones H11 and
H12, the base 110 may be cut at any cut positions (in the
cross-sectional view) and a part of the side surface of the
iron core 13 may be cut ofl.

According to the first embodiment, the rotor 1 includes
end rings (end rings 11 and 12) that exclude heat-aflected
zones (heat-aflected zones H11 and H12) that occur 1n the
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stir welding. This configuration can maintain the strength
when the joining process 1s performed by Iriction stir
welding.

Although, in the context of the first embodiment above,
the entire end portions of the bars 10 inside the through holes
110a are subjected to iriction stir welding, friction stir
welding may be applied only to a part of the end portions of
the bars 10 inside the through holes 110a. In other words,
friction stir welding may be performed by using a joining
member 200 including a probe 201 having a length from the
shoulder 202 smaller than the thickness of the base 110.

First Modification of First Embodiment

FIG. 10 1s a diagram 1llustrating a method for manufac-
turing a rotor according to a first modification of the first
embodiment, and 1s a partially sectional view taken along a
plane including and parallel to the central axis (longitudinal
direction of the bars 10) of the rotor 1. FIG. 11 1s a
cross-sectional view 1illustrating a configuration of main
parts of the rotor according to the first modification of the
first embodiment. In the context of the first modification, an
end ring 1la 1s composed only of a friction-stir-welded
region.

The distance of the stir zone 1n the radial direction on the
base can be increased by changing the diameter of the
shoulder 202. As illustrated 1n the cross-sectional view 1n
FIG. 10, the base 110 includes a stir zone R2 that has a larger
width t, than the width t; on the surface of the base 110. The
stir zone R2 covers the entire contact surface with the iron
core 13. A shortest distance t, between heat-aflected zones
H21 and H22 that have occurred around the stir zone R2 is
much larger than the distance t, between the cut positions C1
and C2. With this configuration, the resulting end ring 11a
alter the cut-ofl processing 1s composed only of the stir zone
R2. This configuration can further maintain the strength of
the end ring 11a.
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Second Modification of First

Embodiment

FIG. 12 1s a perspective view 1illustrating a configuration
ol a main part of a rotor according to a second modification
of the first embodiment. FIG. 13 1s a diagram illustrating a
method for manufacturing the rotor according to the second
modification of the first embodiment. Friction stir welding,
sometimes leaves a mark of the probe 201 at the end of the
trail 1n the stir process (stop position of the shoulder 202).
Such a mark of the probe 201 may prevent the plasticized
material from being homogeneously mixed, which may lead
to reduction 1n joimng strength.

As 1llustrated 1n FIG. 12, a base 130 according to the
second modification has an annular ring portion 131 and an
extension 132 provided at a part of the side surface of the
ring portion 131 and extending therefrom in the radial
direction of the ring portion 131. The ring portion 131 has
through holes 131a through which the bars 10 are inserted.
The extension 132 extends such that lengths 1n the radial
direction and the width direction (a direction orthogonal to
the radial direction on the surface) are equal to or larger than
the diameter of the shoulder 202.

As illustrated 1n FIG. 13, to join the base 130 and the bars
10, the shoulder 202 moves along the entire circumierence
of the ring portion 131 and then reaches the extension 132.
A trail L indicates a path of the central axis of the probe 201
drawn 1n accordance with the movement of the shoulder
202. The shoulder 202 moves to draw the trail L, thereby
forming a stir zone R3. With this configuration, the mark of
the probe 201 at the end of the trail (stop position of the
shoulder 202) 1n the stir process 1s left at a position away
from the ring portion 131, which can prevent the mark of the
probe 201 from being left on the resulting end ring.

In the second modification, no mark of the probe 201 1s
left on the resulting end ring, which can prevent reduction 1n
joimmng strength that 1s caused by the mark of the probe 201
that prevents the plasticized material from being homoge-
neously mixed. This configuration can still further maintain
the strength when friction stir welding 1s performed 1n the
101n1Ng Process.

Third Modification of First Embodiment

FIG. 14 1s a cross-sectional view 1illustrating a configu-
ration of main parts of a rotor according to a third modifi-
cation of the first embodiment. In the first embodiment
described above, the bars 10 have the diameter t, smaller
than the diameter of the shoulder 202 (that 1s, the width t.
of the stir zone R1 on the surface of the base 110). In the
third modification, bars 10a have a diameter t, larger than
the diameter (width t.) of the shoulder 202.

The rotor according to the third modification includes the
bars 10a having a diameter (diameter ty) larger than the
diameter (width t.) of the shoulder 202 instead of the bars
10, and a cylindrical 1ron core 14 having openings 141
through which the bars 10a are insertable instead of the 1ron
core 13. The 1ron core 14 1s built with stacks of electromag-
netic steel sheets 14a.

As 1llustrated 1n FIG. 14, when the diameter tg of the bars
10q 1s larger than the dlameter (width t;) of the shoulder 202,
the shoulder 202 moves 1n a circular path on the surface of
the base 110 while moving 1n the radial direction of the base
110 to form a stir zone R4. Suppose that, in the radial
direction of the base 110, t, (>t;) represents the diameter of
the bars 10a, t, represents the distance between cut positions
C3 and C4 at which an outer edge portion and an inner edge
portion of the base 110 are cut off, and t,, represents the
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shortest distance between heat-aflected zones H31 and H32,
t, and t,, satisty the relation ty<t, ,. In the third modification,

suppose that t,, represents the radius of the 1ron core 14
between the outer edge and the inner edge thereol, the radius
t,, of the iron core 14 1s equal to or smaller than the distance
t, between the cut positions (t,, =t;).

According to the third modification, an end ring excluding
heat-affected zones (heat-aflected zones H31 and H32) can

be formed when the bars 10a have the diameter t; larger than
the diameter (width t.) of the shoulder 202.

Second Embodiment

Described next 1s a second embodiment of the present
invention. FIGS. 15 to 17 are cross-sectional views sche-
matically illustrating a method for manufacturing a rotor
according to the second embodiment of the present inven-
tion. FIG. 18 1s a cross-sectional view illustrating a con-
figuration of main parts of the rotor according to the second
embodiment of the present invention. FIGS. 15 to 18 are
cross-sectional views taken along a plane including and
parallel to the central axis (longitudinal direction of the bars
10) of the rotor 1. The same constituent elements as those
illustrated 1n, for example, FIG. 1 are given the same
reference signs.

The rotor according to the second embodiment includes
an end ring formed from a base 150 made of, unlike the bars
10, a maternial softer than copper such as aluminum, 1ron,
titan, or magnesium, or an alloy mainly containing one of
those materials.

The base 150 has a plate shape and has a plurality of
recesses 151 on a surface. The recesses 151 are provided in
accordance with the number of the bars 10 and joining
positions of the bars 10.

As 1llustrated 1n FIGS. 15 and 16, before the base 150 and
the bars 10 are joined, the end portions of the bars 10 are
fitted into the respective recesses 151. This process deter-
mines the positions of the bars 10 relative to the base 150.

Subsequently, the base 150 and the bars 10 are stir-welded
by friction stir welding (see FIG. 17). In this case, the length
of the probe 201 projecting from the shoulder 202 1s set to
a length equivalent to a thickness d from the bottom of a
recess 151 to the top surface of the base 150. This configu-
ration causes the base 150 to be plasticized and mixed by
friction stirring, and the bars 10 to be friction-stirred only on
the end portlons thereof, and the base 150 and the bars 10 are
thus joined 1n the second embodiment.

After friction stir welding, cut positions C5 and Cé and a
distance t, , therebetween are determined 1n accordance with
heat-affected zones H41 and H42 that have occurred around
a stir zone R5, and the base 150 1s cut, accordingly. With
these processes, diflerent materials can be joined by friction
stir welding, and an end ring 15 excluding the heat-aflected
zones H41 and H42 can be formed.

According to the second embodiment above, the end ring
15 1s formed that excludes heat-affected zones (heat-atfected
zones H41 and H42) that occur in Iriction stir welding
performed on the base 150 and the bars 10 that are made of
different materials. This configuration can maintain strength
when different materials are joined by friction stir welding.

In the second embodiment, both end rings of the rotor
may be formed from the base 150, or an end ring may be
formed from the base 150 and the other end ring may be
formed from the base 110 (or the base 130). When the
diameter of the bars 10 1s larger than the diameter (width) of
the shoulder 202 as described in the third modification of the
first embodiment, the stir zone may be formed by moving
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the shoulder 1n the radial direction. Combinations of the first
embodiment (including the first to third modifications
thereol) and the second embodiment may be optionally
selected depending on the specifications of the rotor to be
used.

Although, 1n the context of the first and the second
embodiments above, the top surface and a part of the side
surface of the resulting end ring iclude a iriction-stirred
region (stir zone), the embodiments are not limited to this as
long as the base and the bars are stir-welded, and the
resulting end ring after cutting excludes any heat-affected
zone. For example, when the boundary of the stir zone 1n a
cross-sectional view of the end ring has a substantially
semi-circular shape having an average radius of curvature
smaller than that of the semi-circular stir zone illustrated 1n
FIG. 8, at least the top surface (opposite to the surface at
which the bars are joined) of the surfaces of the end ring
needs to be composed of a plasticized region caused by
friction stir welding.

Although, 1n the context of the first and the second
embodiments above, the cut positions are symmetrically
determined based on the center of the friction-stirred region
(stir zone), the center between the cut positions may deviate
from the center of the stir zone as long as the base and the
bars are stir-welded and the resulting end ring after cutting
excludes any heat-aflected zone.

The first and the second embodiments above are presented
tor 1llustrative purpose only to implement the present inven-
tion, and the present invention 1s not limited to these. The
present invention can be embodied 1n various other forms by
optionally combining the constituent elements disclosed 1n
the first and the second embodiments and the modifications.
It 1s apparent that various modifications may be made
depending on, for example, specifications, and variant
embodiments can be brought to the invention without

departing from the scope of the invention.

INDUSTRIAL APPLICABILITY

As described above, the rotor and the method for manu-
facturing the rotor according to the present invention have
advantage 1n maintaining strength when friction stir welding
1s performed 1n a joining process.

REFERENCE SIGNS LIST

1 Rotor
10, 10aq Bar
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11, 11a, 12, 15 End ring

13, 14 Iron core

13a, 14a Electromagnetic steel sheet
110, 120, 130, 150 Base

110a, 120a, 131a Through hole

151 Recess

The mnvention claimed 1s:

1. A rotor comprising;:

a plurality of conductors having a bar shape;

a first end ring joined to one ends of the conductors,
wherein an entire surface of the first end ring that is
opposite to a surface from which the conductors
extend, a part of an outer side surface of the first end
ring and a part of an mner side surface of the first end
ring include a portion including a mixture of materials
of the first end rnng and the conductors, and

a part of the first end rng and the one ends of the
conductors are consolidated and are exposed on the
entire surface of the first end ring, on the part of the
outer side surface of the first end ring and on the part
of the mner side surface of the first end ring;

a second end ring joined to other ends of the conductors,
wherein

an entire surface of the second end ring that 1s opposite to
a surface from which the conductors extend, a part of
an outer side surtace of the second end ring and a part
of an mner side surface of the second end ring include
a portion including a mixture of materials of the second
end ring and the conductors, and

a part of the second end ring and the other ends of the
conductors are consolidated and are exposed on the
entire surface of the second end ring, on the part of the
outer side surface of the second end ring and on the part
of the mner side surface of the second end ring; and

an 1ron core disposed between the first and the second end
rings, having a cylindrical shape, and including a
plurality of insertion holes through which the respec-
tive conductors are 1nsertable 1n a central axis direction
of the 1ron core.

2. The rotor according to claim 1, wherein the first end
ring and one ends of the conductors are joined by a friction
stir welding, and the second end ring and other ends of the
conductors are joined by a friction stir welding.
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